Background: Physical activity levels of girls decline in adolescence, but little is known about changes in participation in specific types of physical activity. This study examined change in participation in specific activities during adolescence in girls. Methods: Girls (N = 398, age 13.6 ± 0.6 y at baseline, 58.5% African American) from 31 middle and 24 high schools in South Carolina completed the 3-Day Physical Activity Recall (3DPAR) in 8th, 9th, and 12th grades. Girls reported their predominant activity and its intensity level in each 30-min time block on the previous 3 d. Results: Vigorous physical activity declined from 45.4% in 8th grade to 34.1% in 12th grade. The probability of participating in several forms of vigorous physical activity in 12th grade was strongly associated with participation in those activities in 8th grade. Conclusion: Early-in-life participation in sports and other forms of vigorous physical activity are important to the maintenance of physical activity during adolescence in girls.
Physical activity provides important health benefits to adolescents, 1,2 and promotion of physical activity in youth has become a key public health objective 3 in the US and other developed countries. 4, 5 Previous research has demonstrated consistently that physical activity levels decline with increasing age and tend to be lower in girls than boys. 1, 6, 7 The National Growth and Health Study observed that physical activity levels declined by 83% in girls between the ages of 9 and 19. 6 Furthermore, African American girls have lower physical activity levels than white girls. 6, 8 These findings point to the need to fully understand how and why girls' physical activity changes during adolescence.
Physical activity guidelines for youth typically have been presented in terms of a recommended daily number of minutes of moderate-to-vigorous intensity activity. For example, the prevailing guideline calls for youth to engage in at least 60 min of moderate-to-vigorous physical activity daily.
1,2,9,10 Such a focus on cumulative minutes of activity is appropriate in physiologic terms, since the health benefits of physical activity are most closely associated with chronic physical activity energy expenditure. 1, 11 However, a person's physical activity behavior is a function of the specific types of physical activity in which he/she chooses to engage. Accordingly, efforts to promote increased physical activity in youth are informed by a knowledge of the specific types of physical activity in which they engage.
Most previous studies examining change in physical activity during adolescence have focused on measures of total physical activity. 6, 12, 13 Only a small number of studies have reported on change in participation in specific types of activity, [14] [15] [16] and those studies have been limited by the use of instruments that called for youth to report only the most common forms of physical activity. For example, two studies required youth to select recreational activities they performed from a list, 14, 16 while another collected the three most common activities performed. 15 There is also limited information about differences in changes of activities among African American and white girls. 17 The present study was designed to examine, in a comprehensive way, change in participation in specific sedentary and physical activities during adolescence in African American and white girls. Because many older adolescent girls have part-time jobs, we included an examination of change in work-related physical activity during the high school years.
Methods

Study Design and Participants
The present investigation reports longitudinal analyses of data that were collected as part of the measurement protocol in a large school-based physical activity intervention study. Participants were 8th, 9th, and 12th grade girls who were students in 31 middle schools and 24 high schools in South Carolina. All girls in the participating schools were invited to participate. Eighth grade girls were recruited in the spring of 1998 and the spring of 1999. Overall, 2744 girls (average age 13.6 ± 0.6 y; 49.0% African American) completed the measurement protocol in 8th grade. The same girls were invited to complete the protocol again in 9th and 12th grades. Ninth grade girls were recruited in the spring of 1999 and 2000 and 12th grade girls in the spring of 2002 and 2003. The study reported in this article is based on the 398 girls (58.4% African American, 41.6% white) who provided complete data on physical activity at the 8th, 9th, and 12th grade time points. The study group is similar to the 2744 girls who were measured in 8th grade with regard to age (13.6 ± 0.6; 13.6 ± 0.6), body-mass index (23.1 ± 5.7; 23.6 ± 5.6), percentage from the control group (46.2%; 44.5%), and participation in two or more blocks of MVPA (72.4%; 71.1%) and one or more blocks of VPA (45.0%; 42.3%), respectively. The study group had a slightly higher percentage of African American girls (58.4%) compared to the initial sample (49.0%). Written informed consent was obtained from each girl and her primary guardian prior to collection of any data. The study was approved by the University of South Carolina Institutional Review Board.
Physical Activity Recall
The 3-Day Physical Activity Recall (3DPAR) was used to measure participation in physical activity and other activities. This instrument is a modification of the Previous Day Physical Activity Recall (PDPAR), which previous studies have shown to be valid and reliable. 18, 19 The 3DPAR has been validated against accelerometry in 8th and 9th grade girls. 20 The 3DPAR uses a script and graphic figures to explain the intensity level of common activities. Light activities are described as requiring little or no movement with slow breathing, moderate activities as requiring some movement and normal breathing, hard activities as requiring moderate movement and increased breathing, and very hard activities as requiring quick movements and hard breathing.
The 3DPAR was administered to the participants in the spring of their 8th, 9th, and 12th grade years by trained research assistants. The instrument was always administered on a Wednesday, with participants asked to recall their activities on the previous 3 d (first Tuesday, then Monday, then Sunday). Participants were asked to complete a grid for each day recalled. The grid was divided into 30-min time blocks, beginning at 7 AM and ending at 12 midnight. Participants were asked to report their predominant activity in each of the 30-min blocks. A list of 55 activities was provided that included sedentary activities, activities of daily living, physical activities, physical education, and sports. Participants were asked to enter the number of an activity and to indicate if the activity was performed at a light, moderate, hard or very hard intensity. The 3DPAR includes a rating of intensity because many activities can be performed at varying intensities, and we have previously shown that including an intensity rating for each reported activity enhances the validity of this instrument.
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Physical Activity Participation
Data from each day were reduced to the number of 30-min blocks for which the reported activity was rated at an intensity of 3 METs or more (moderate-to-vigorous physical activity, MVPA) and 6 METs or more (vigorous physical activity, VPA). MET values for each activity were obtained from the Compendium of Physical Activities. 21 Girls were classified as meeting physical activity standards if they reported an average of two or more 30-min blocks of MVPA per day, and/or one or more 30-min blocks of VPA per day.
For this study, a girl was considered a participant in a specific activity if she reported engaging in that activity on at least one of the three days assessed by the 3DPAR. For each activity, the mean number of 30-min blocks for each participant was calculated by dividing the number of reported 30-min blocks by the number of days on which the activity was performed to produce the frequency of 30-min blocks/day. For this analysis the activities were grouped into categories: all sedentary activities, leisure time sedentary activities, (e.g., television, computer), educational sedentary activities (e.g., reading, homework), physical education, other school activities (e.g., band, clubs), sedentary school activities (e.g., classes, lunch), team sport activities (e.g., basketball, soccer), individual physical activities (e.g., aerobics, dance), lifestyle physical activities (e.g., chores, shopping), job, church, travel by car or bus, eat, dress/get ready/sleep, and other activity.
Potential Confounders
All analyses were adjusted for body-mass index (BMI) and socioeconomic status because previous studies have reported differences in physical activity by BMI and socioeconomic status. 22 Height was measured to the nearest 1.0 cm with a portable stadiometer and weight was measured to the nearest 0.1 kg with a digital scale. Body-mass index (BMI) was calculated by dividing weight in kilograms by height in meters squared. Parent education was the indicator of socioeconomic status (SES). Highest parent education reported by the girl was dichotomized into high school education or less and greater than high school education.
Statistical Analyses
Because the girls were from 31 middle schools and 24 high schools and girls in a particular school share a unique social and physical environment, it was important that the statistical analysis control for the influence of school. Accordingly, school was treated as a random effect in all analyses. To summarize the data, SAS was used to compute descriptive statistics (means, standard deviations, and frequencies). 23 The prevalence of participation in an average of two or more 30-min blocks of MVPA per day and one or more 30-min blocks of VPA per day during the 3-d period was examined for the total sample and by race (white, African American). Repeated measure 2-way ANOVA [time (8th, 9th, 12th grade) × race] was performed using proc mixed, with school as a random effect, while controlling for group (control/intervention), 12th grade BMI, and SES).
The mean activity in each category is the average number of reported 30-min blocks of the combined activities at each time point. Repeated measure 2-way ANOVA (time × race) using proc mixed was performed, with school as a random effect, while controlling for group, 12th grade BMI, and SES. This same procedure was used to determine the prevalence of participation for selected sports team and individual activities.
To examine the probability of girls continuing selected activities from the 8th to 9th grade and the 8th to 12th grade, logistic analyses were performed using the PROC GLIMMIX logit link and binomial error distribution. 24 Odds ratios and 95% confidence intervals were reported. This was done using 8th grade as the independent variable to predict both 9th and 12th grade participation.
Results
Mean age of the 8th grade girls was 13.6 (standard deviation = 0.6) y, and 46.2% of the girls were from control schools. Over 70% of the 8th grade girls reported an average of two or more blocks of MVPA per day, and 45% of the girls reported an average of one or more blocks of VPA per day. At the 12th grade measure, African American girls had higher BMIs than white girls (mean = 26.2, standard deviation = 6.8 vs. mean = 24.2, standard deviation = 5.9, P =0.002). Fewer African American girls than white girls had a parent with greater than a high school education (55.8% vs. 72.1%, P = 0.001).
The prevalence of participation in two or more blocks of MVPA per day and one or more blocks of VPA per day and the mean number of 30-min blocks of MVPA and VPA at each time point is presented in Table 1 . Overall, fewer African American girls participated in MVPA and VPA than white girls. From 8th to 9th grade, the prevalence of meeting the MVPA standard decreased in white girls and increased slightly in African American girls, whereas the prevalence of meeting the VPA standard decreased for both groups. The mean number of 30-min blocks of MVPA increased from 8th to 12th grade in both African American and white girls, with a greater increase among the African American girls. The mean number of 30-min blocks of VPA also increased from 8th to 12th grade, however, only slightly.
The mean number of 30-min blocks per day of participation in specific activities by category at each time point is presented in Table 2 . Participation in team sport activities decreased only in white girls and individual physical activities decreased over time for both white and African American girls. All sedentary activities, including both leisure time sedentary activities (P = 0.01) and educational sedentary activities (P = 0.09) decreased from 8th grade to 12th grade. Job activity, however, increased. In 8th grade, the mean number of 30-min blocks at work was 0.1 blocks; in 12th grade it was 3.2 blocks. Travel by car or bus and other activities also increased significantly from 8th to 12th grade.
The prevalence of participation in selected team sport activities and individual physical activities is shown in Table 3 . The percentage of girls participating in basketball, softball/baseball, dancing (ballet, jazz, modern, tap), and jogging/running decreased significantly from 8th to 12th grade in both white and African American girls. Compared to African American girls, more white girls reported participating in calisthenics and soccer at each time point. However, there was no significant decrease in participation over time for either group for these activities. Travel by walking also decreased significantly from 8th to 12th grade in both groups of girls although more African American girls reported travel by walking. The probabilities of girls continuing those selected activities from the 8th to 9th grade and the 8th to 12th grade are presented in Table 4 . Overall, most of the odds ratios were significant; girls who participated in activities in 8th grade were more likely to participate in the same activities in 9th and 12th grade, compared to girls who did not participate in those activities in 8th grade.
Discussion
Changes in overall physical activity and specific physical activity behaviors were monitored in a cohort of nearly 400 girls between the 8th and 12th grades. A key finding was that the percentage of girls meeting a vigorous physical activity standard declined from 45.4% in the 8th grade to 34.1% in the 12th grade. This decline in vigorous physical activity was explained by age-related decreases in participation in team sport and individual physical activities. Decreases in participation in basketball, bicycling, running, soccer, and softball were particularly pronounced. Importantly, it was observed that the probability of participating in several forms of vigorous physical activity in 12th grade was strongly associated with participation in those specific activities in the 8th grade. This observation suggests that early-inlife participation in sports and other forms of physical activity is important to the maintenance of physical activity during adolescence in girls.
Although many previous studies have examined the change in total physical activity during adolescence, 6, 12, 13 very few have examined the change in participation .8 † Adjusted for group, school, race, parent education, and body-mass index ¶ Includes biking and bicycling for transportation T = P ≤ 0.05 for time main effect; R = P ≤ 0.05 for race main effect; R*T = P ≤ 0.05 for race by time interaction in specific types of activity. [14] [15] [16] Our findings are consistent with the findings of three previous studies. In those studies the decline in physical activity during adolescence ranged from 26 to 37%.
14, 16 Aaron and colleagues reported that the negative predictive value was high and consistent for boys and girls, meaning that if youth did not participate in activities in middle school, they were unlikely to participate in those activities in high school. 16 Similarly, among girls, participation in team sports decreased from middle school to high school. 15 Two of the studies reported a decline in the number of activities with increasing age. 14, 15 Among girls, decreases in specific activities that were comparable to those found in the present study were bicycling, [14] [15] [16] running, 14, 15 dancing, 15 softball, 16 and basketball. 16 The present study and the three previously published studies provide evidence that the age-related decline in physical activity in adolescent girls is associated with decreased participation in bicycling, softball, basketball, dancing, and running.
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The present study is unique in that it assessed a broader array of activities than were observed in previous longitudinal studies. Motorized transportation tended to replace physically active transportation. Travel by car or bus increased from 9th to 12th grade, while travel by walking and bicycling decreased. Increased distance to school may be one reason for the decrease in active commuting as girls moved from middle school to high school. 25 In addition, most of the girls obtained a driver's license (or had friends who did) during that period, and many adolescents enjoy driving around with their friends. Approximately 65% of high school seniors report riding around in a car (or motorcycle) just for fun at least once a week. 26 Employment also increased from 9th to 12th grade. Nationally, about 32% of 16-17 year-old female high school students are employed, 26 but the relationship between physical activity and employment is unclear. One study found that employment was a barrier to physical activity among youth, 27 but another found that employed students were more active and suggested that the money they earn from part-time jobs may allow them to participate in physical activities that they could not afford otherwise. 8 Additional research is needed to clarify the effects of transportation and employment on physical activity in adolescent girls.
Results from this study confirm previous research findings that participation in sports and other physical activities during early adolescence is linked to continued participation in those specific activities during late adolescence. 28 Girls, especially African American girls, are at great risk for steep declines in physical activity between childhood and late adolescence. 6, 8 And, in spite of the universal attraction of sport and physical activity to young people, youth sport participation has decreased in recent years, in both the US 7, 29, 30 and other countries. 31 For example, the percentage of American girls that reported playing on one or more sports teams decreased from 53.4% in 1997 to 50.2% in 2005. 29, 30 Early exposure to sports and other physical activities, however, can increase the likelihood that young people will engage in those activities over time. In the current study, girls who participated in a sport or physical activity in 8th grade were much more likely than other girls to participate in that sport or activity in 12th grade.
One resource for increasing and maintaining girls' participation in physical activity during adolescence is school physical education. Physical education classes offer opportunities for adolescent girls to try new sports and activities, learn activity skills, and enjoy physical activity in a safe and controlled environment. A majority of 8th and 9th grade girls take physical education, while a majority of 12th grade girls do not. Therefore, physical educators can provide girls with enjoyable physical activity experiences and teach them skills for being active in early adolescence, increasing the likelihood that they will continue to participate in physical activity in late adolescence and into young adulthood.
This study had a number of strengths, including approximately equal numbers of African American and white girls and inclusion of middle schools and high schools in rural, suburban, and urban areas. In addition, the study measured physical activity at three time points, using the same instrument each time, over the period during adolescence when physical activity in girls typically declines dramatically. Limitations of the study include the smaller total pool of girls available for recruitment in 12th grade, to which the high dropout rate in South Carolina high schools may have contributed. The measure of physical activity was a self-report measure; however, information on the types of activities performed could not be assessed with accelerometry. Additionally, the 3DPAR has been validated against accelerometry and has demonstrated factorial validity and invariance in adolescent girls. 20, 32 In summary, vigorous physical activity among adolescent girls declined from 45.4% in 8th grade to 34.1% in 12th grade. This decline was explained by age-related decreases in participation in team sport and individual physical activities, particularly basketball, bicycling, running, soccer, and softball. Conversely, employment and motorized transportation increased from 9th to 12th grade. The probability of participating in several forms of moderate and vigorous physical activity in 12th grade was strongly associated with participation in those specific activities in the 8th grade. These findings indicate the importance of early exposure to sports and other forms of moderate and vigorous physical activity to the maintenance of physical activity during adolescence in girls.
